Aim. This subject is a confusing matter for intramuscular injection administrators in clinical practice. The correct assessment of this situation is important for probable complications. There isn't any research in the literature that assesses the distances of the injection area to some landmarks. This study was carried out to determine these regions more accurately.Introduction.Intramuscular injection is a commonplace nursing procedure. Although considered a basic technique, it is far from innocuous. Gluteal region muscles are the most commonly used region in the practice and the necessary precautions must be taken. Method. A total of 216 male and female students, from University of Muğla School of Health Sciences, Nursing and Physiotherapy and Rehabilitation Departments were randomly selected and included to the study. Results. In this study we found that intramuscular injection location in males is 1.87±0.63 cm and in females 2.28±1.01 cm from the upper point. Conclusion. The research base for intramuscular injection site is limited. We think that these distances will be very valuable in clinical practice in the patient population consisting of 17-29 years of age and who have normal body mass index. This study will be a norm for patients who have a normal body mass index.
Introduction
Drug administration techniques seem simple in the context of human health and treatment but it is a very important procedure. Drug administration in health disciplines, especially as a part of nurse education, is one of the basic concepts.
Intramuscular injection (IM) is one of the common methods of drug administration techniques. In different textbooks different administration techniques are explained about the location of IM injection [1] [2] [3] . This subject is confusing to IM injection administrators in clinical practice. The correct assessment of this situation is important for probable complications.
Intramuscular injection is a commonplace nursing procedure. Although considered a basic technique, it is far from innocuous [4] . Gluteal region muscles are the most commonly used region in the practice and the necessary precautions must be taken. Two injection techniques are currently recommended. The first, widely used in the United States, involves pinching the thigh muscle at the injection site to increase muscle mass and minimize the chance of striking bone [5] . The second, advised by the World Health Organization (WHO) [6] , entails stretching the skin flat between the finger and thumb then injecting the needle at a 90º angle (WHO). Such guidelines have not been offered for intramuscular delivery in adults.
IM is one of the common methods of drug administration techniques. In different textbooks different administration techniques are explained about the location of IM injection. IM injection is done in two locations in the gluteal region. These are dorsal gluteal region and ventrogluteal region [1] [2] [3] [4] . In more recent years, authors have specified that the injection be located 5-7.5 cm below the crest of the ilium [7, 8] .
We think that these distances will be very valuable in clinical practice in the patient population consisting of 17-29 years of age and who have normal body mass index. As now there isn't a morphometrical scale for determining IM injection location. For this reason this study will be a norm for patients who have a normal body mass index. There is not enough literature that evaluates parenteral drug administration regions. This study was done to determine these regions more accurately.
Material and methods
Intramuscular injection (IM) is one of the common methods of drug administration techniques. In different textbooks different administration techniques are explained about the location of IM injection. This is confusing to IM injection administrators in clinical practice. The aim of the study was to the correct assessment of this situation is important for probable complications.
This descriptive study was carried out between February 2008 and March 2008.
The study was conducted in the province of Mugla, Turkey in 2008. Participants were recruited from the Mugla School of Health Sciences, and 216 healthy adults were enrolled (148 woman, 68 men; range: 17-29 years. A total of 216 1, 2, 3 and 4th term class male and female students, from Mugla University, Mugla School of Health Sciences, Nursing and Physiotherapy and Rehabilitation Department were randomly selected and included to the study.
Data were collected in the Muğla School of Health Sciences, and following measurements were performed: The body height and weight of the participants were measured. The intramuscular injection location and the distances of this point to some landmarks were determined. Intramuscular injection location in dorsogluteal region was evaluated.
Many authors suggest an alternative that involves palpation of the posterior superior iliac spine and greater trocanter of the femur [3, 9, 10 ]. An imaginary diagonal line is drawn between these two landmarks and the point is given above and lateral to the midpoint of the line.
Ethical considerations: All of the subjects who included in the study were informed of the study and we got their written consent. At the same time the official permissions were taken from the university.
Body mass index was calculated as weight (kg) divided by height (m²), and the measurement was analyzed separately for male and female participants and statistical analysis was done according to age, height, BMI and weight.
Data normality was assessed using Shapiro-Wilk's test. Variance homogeneity is tested using Levene's test. Comparisons between groups were performed using two-sided independent samples t test. Correlation analysis were applied using Pearson correlation test. Values are expressed as mean and standard deviation. Analysis were performed using R 3.0.2 software (www.r-project.org) by considering a p value less than 5% as statistically significant.
Results
The body height, weight, upper point, middle and transverse points of 216 participants according to gender, age, height and weight is given in (Table 1 , 2). When the measured parameters were evaluated generally, the distances were as follows: Upper point; 2.15±0.92 cm, middle point 13.1±1.42 cm, transverse point 14.22±1.71 cm (Table 1 ).
In this study we found that IM injection location in males is 1.87±0.63 cm and in females 2.28±1.01 cm from the upper point (Table 2 ). There was statistically significant difference between male and female students in height, weight, upper, middle and transverse points (p<0.05), there wasn't any statistically significant difference in other parameters (p>0.05) ( Table 2 ).
When upper, middle and transverse point distances were evaluated according to age, the distances didn't change (p>0.05). When upper, middle and transverse point distances were evaluated according to height, the distances didn't change (p>0.05). When the mean average, standard deviation and minimum and maximum values of measured parameters were evaluated according to weight, the middle point value increased with the increments in weight (p<0.05). There was a strong correlation between middle point and transverse point. There was correlation between "BMI and middle point" and between "BMI and transverse point", no correlation between upper point and any other parameter could be detected (Table 3) . 
Discussion
Drug administration sites can be divided into two main groups according to the target of drug and the intent of drug: Local administration sites and systemic administration sites.
If the target of the drug on the surface of the body, the drug can be administered locally. If a systemic effect is wanted or a local effect is needed but the drug cannot be administered locally, as often is the case, the drug can be injected into a suitable tissue (eg. intramuscular or subcutaneous) or administrated to mucosal spaces and absorbed from here.
Drug administration is one of the legal responsibilities of nurses. "Errors in Drug Administration" can be defined as faulty applications due to erroneous behaviors in the principles of correct drug administration. In 2001 1.200 patients died because of faulty drug administration in United Kingdom. This finding represented a 500% increase in the last ten years [11, 12] . In United States of America (USA), errors in drug administration was detected in 770 000-2 000 000 patients admitted to hospitals [13] .
The principles of parenteral drug administration are universal. Administrations conditions, technical resource standards and care quality create differences in practices. In addition to the contribution it makes to health of the patient, although it is rare, there can also be adverse effects. The content of the drug, inappropriate administration site, mistakes in dilution of the drug, faulty dosages, administration of the drug against contraindications unsterile conditions, inappropriate equipment usage, health professionals technical knowledge and skill and the characteristics of patient are factors that effect the formation of adverse effects. For these reasons the health professionals should achieve adequate skill and correct information level in the administration of drugs.
The four most commonly referenced IM injection sites for adults in the current literature are the dorsogluteal, ventrogluteal, vastus lateralis and deltoid, but it is apparent that some have greater advantage than others.
The dorsogluteal site is located in the superior lateral aspect of the gluteal muscles. Some authors consider the target muscle to be the gluteus medius [14, 15] , others refer to it as the gluteus maximus [16, 17] , and still others as the thick gluteal muscles of the buttocks, suggesting both muscles are appropriate [18] . Such inconsistency causes confusion in locating the best site. Historically, the dorsogluteal site was the main site for IM injections [19] .
Many authors suggest an alternative that involves palpation of the posterior superior iliac spine and greater trocanter of the femur [3, 9] (e.g. Kozier & Erb 1989 , Craven & Hirnle 2003 ). An imaginary diagonal line is drawn between these two landmarks and the injection is given above and lateral to the midpoint of the line.
Traditionally, the dorsogluteal site was located by marking the buttock into quadrants, with the vertical line extending from the iliac crest to the gluteal fold and the intersecting horizontal line extending from the medial fold to the lateral aspect of the buttock. The injection was given in the upper outer quadrant. In more recent years, authors have specified that the injection be located 5-7,5 cm below the crest of the ilium [7, 8] . Some authors recommend that the upper outer quadrant be divided again into quadrants and that the injection be given in the upper outer quadrant of the upper outer quadrant [20, 21] , thus distancing the injection from the sciatic nerve. However, the quadrant method has been criticized for lacking precision [2, 3] .
The sciatic nerve, the broadest nerve of the body which pass through the inferior aspect of the buttocks and descend into the thighs, supply skin and muscles in the legs and feet [22] . These are the most vulnerable peripheral nerves due to IM injection because of their large size and because the buttock area is a common injection site [23] [24] [25] [26] [27] [28] [29] .
In addition to the complications arising from injecting the drug to the sciatic nerve, other complications like abcess, necrosis, and skin or nerve damage, chronic pain can be seen. Because injecting the drug directly to the nerve is almost impossible, nerve damage more commonly occurs as a result of the leakage of the drug between tissues. In this conditions instead direct nerve injury, the nerve damage occurs due to the characteristics of the drug and accumulation of the drug in epineuronal level [30] .
If the needle touches nerve a severe pain develops and the pain is generally felt along the route of the nerve. If the drug is injected to the nerve the neurological symptoms don't develop acutely, symptoms are seen according to the effect of the drug. Injections made very close to a peripheral nerve can cause a very important defect in the continuity of the nerve [23, 25, 26, 30] .
50 patients who had sciatic nerve lesions which had developed after injections were followed long term. In 36% of the cases complete, in 24% of cases incomplete recovery was seen and in 40% of cases no recovery was observed [31] . These patients are usually treated conservatively and no surgical intervention is done. The patients are rested in neutral position in acute stage, later electrostimulation, opening of joint space and strengthening exercises is done and patients are followed by EMG [27] . The neurotoxic effects of the drugs can also cause sciatic nerve damage. To assess properly the target injection area and accurately locate landmarks and boundaries, the injection site must be completely exposed [15, 32] . Landmarks should be palpated, as visual calculations alone can result in an injection being placed outside the appropriate target area [17] .
We think that these distances will be very valuable in clinical practice in the patient population consisting of 17-29 years of age and who have normal body mass index.
Study limitations: Our study has several limitations. Participants were relatively young and healthy, and their age and weight distributions may have been more limited than those of general population. Further research is needed to compare the differences in obese and cachectics individuals.
When the measured parameters were evaluated generally, the distances were as follows: Upper point; 2.15±0.92 cm, middle point 13.1±1.42 cm, transverse point 14.22±1.71 cm.
In this study we found that IM injection location in males is 1.87±0.63 cm and in females 2.28±1.01 cm from the upper point. We think that these distances will be very valuable in clinical practice in the patient population consisting of 17-29 years of age and who have normal body mass index. This study will be a norm for patients who have a normal body mass index.
Although IM injection is considered a basic skill, it must be treated with due diligence.
To avoid complications nurses must know the anatomy, and advantages and disadvantages of injection sites, be able to accurately identify anatomic landmarks and site boundaries, know the particulars of injection technique, and administer the injection using careful technique.
There have been few studies carried out, and many that exist are dated or have methodological limitations or both. Guidelines for clinical practice based on sound and recent evidence are needed. In addition these results will be a reference when the injection distances in cachectics (body mass index under 18.5) and obese patients are evaluated in future studies.
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